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L2 ANSWER 1 OF 60 MEDLINE on STN 

TI Factor Vila stimulates endothelin-1 synthesis in 

TNF-primed endothelial cells by activation of protease-activated receptor 

2. 

AB The mechanisms linking prothrombot ic changes to endothelial dysfunction 
and accelerated atheroma formation have yet to be fully defined. 
Expression of TF (tissue factor) on the endothelium is potentially an 



initiating event as binding and activation of FVII ( 
factor VII) can result in thrombosis. Although PAR2 

(protease-activated receptor-2) is expressed on vascular endothelium, its 
precise physiological significance and mechanism of activation have yet to 
be defined. In the present study, we investigated whether PAR2 can be 
activated by FVIIa (activated FVII) and induce ET-1 (endothelin-1) 
synthesis. In bovine aortic endothelial cells pretreated with TNF (tumour 
necrosis factor-alpha) to increase TF expression, FVIIa stimulated ET-1 
synthesis via activation of PAR2 . Although FX (factor X) alone was 
inactive, this response was enhanced by using FVII and FX in combination. 
Inhibition of the proteolytic activity of FVIIa abolished the response. 
The PAR2 agonist peptide SLIGKV also enhanced ET-1 release on 
TNF-pretreated cells. The response to FVIIa was inhibited by a PAR2 
antagonist peptide FSLLRY. Inhibition of the p38 MAPK 
(mitogen-activated protein kinase) reduced PAR2 expression and the ET-1 
response. In summary, FVIIa can stimulate ET-1 synthesis in endothelial 
cells by activating PAR2, demonstrating a potential link between 
thrombotic processes and endothelial cell dysfunction. 
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L2 ANSWER 2 OF 60 MEDLINE on STN 

TI Inhibitors of Tissue Factor . Factor Vila for 
anticoagulant therapy. 

AB Factor Vila (FVIIa) is a key serine protease involved 

in the initiation of the coagulation cascade. It is a glycosylated 
disulfide- linked heterodimer comprised of an amino-terminal 
gamma -carboxyglutamic acid-rich (Gla) domain and two epidermal growth 
factor (EGF)-like domains in the light chain, and a chymotrypsin-like 
serine protease domain in the heavy chain. FVIIa requires tissue factor 
(TF) , a membrane bound protein, as an essential cofactor for maximal 
activity towards its biological substrates Factor X, Factor IX and 
Factor VII (FVII) . Inhibition of TF. FVIIa activity may 

prevent the formation of fibrin clots and thus be useful in the management 
of thrombotic disease. The development of TF. FVIIa inhibitors to validate 
this target has been of great interest. A wide array of strategic 
approaches to inhibiting the biochemical and biological functions of the 
TF. FVIIa complex has been pursued. This has been greatly aided from our 
understanding of the structures for TF, FVII, FVIIa, and the TF. FVIIa 
complex. These approaches have resulted in inhibitors directed 
specifically towards either FVIIa or TF. Antagonists include active site 
inhibited FVIIa, TF mutants, anti-TF antibodies, ant i- FVII /FVII a 
antibodies, naturally-occurring protein inhibitors, peptide 



exosite inhibitors, and protein and small molecule active site inhibitors. 

These antagonists can inhibit catalysis directly at the active site as 

well, as impair function by binding to exosites that may 

interfere with substrate, membrane, or cof actor binding. The 

rationale of TF.FVIIa as a target and the development, characteristics and 

biological uses of TF.FVIIa inhibitors are discussed. 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR : 

CORPORATE SOURCE: 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



2004475345 MEDLINE 
PubMed ID: 15379712 

Inhibitors of Tissue Factor . Factor Vila 
for anticoagulant therapy. 

Lazarus Robert A; Olivero Alan G; Eigenbrot Charles; 
Kirchhofer Daniel 

Departments of Protein Engineering, Genentech, Inc., 1 DNA 
Way, South San Francisco, CA 94080, USA., 
lazarus . bobogene . com 

Current medicinal chemistry, (2004 Sep) Vol. 11, No. 17, 
pp. 2275-90. Ref: 66 

Journal code: 9440157. ISSN: 0929-8673. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 

General Review; (REVIEW) 

English 

Priority Journals 
200502 

Entered STN : 25 Sep 2004 

Last Updated on STN: 23 Feb 2005 

Entered Medline: 22 Feb 2005 



L2 ANSWER 3 OF 60 MEDLINE on STN 

TI Role of the Gla and first epidermal growth factor-like domains of factor X 
in the prothrombinase and tissue factor-factor Vila 
complexes . 

AB Factor X (FX) has high structure homology with other proteins of blood 
coagulation such as factor IX (FIX) and factor VII 

(FVII) . These proteins present at their amino- terminal extremity a 
gamma -carboxyglutamic acid containing domain (Gla domain) , followed by two 
epidermal growth factor-like (EGF1 and EGF2) domains, an activation 
peptide, and a serine protease domain. After vascular damage, the 
tissue factor-FVIIa (TF-FVIIa) complex activates both FX and FIX. FXa 
interacts stoichiometrically with tissue pathway inhibitor (TFPI), 
regulating TF-FVIIa activity by forming the TF-FVIIa-TFPI-FXa quaternary 
complex. Conversely, FXa boosts coagulation by its association with its 
cofactor, factor Va (FVa) . To investigate the contribution of the Gla and 
EGF1 domains of FX in these complexes, FX chimeras were produced in which 
FIX Gla and EGF1 domains substituted the corresponding domains of FX. The 
affinity of the two chimeras, FX/FIX (Gla) and FX/FIX (EGF1) , for the 
TF-FVIIa complex was markedly reduced compared with that of wild-type^FX 
(wt-FX) independently of the presence of phospholipids. Furthermore, the 
association rate constants of preformed FX/FIX (Gla) -TFPI and 
FX/FIX (EGF1) -TFPI complexes with TF-FVIIa were, respectively, 10- and 
5- fold slower than that of wt -FXa -TFPI complex. Finally, the apparent 
affinity of FVa was 2- fold higher for the chimeras than for wt-FX in the 
presence of phospholipids and equal in their absence. These data 
demonstrate that FX Gla and EGF1 domains contain residues, which interact 
with TF-FVIIa exosites contributing to the formation of the TF-FVIIa-FX 
and TF-FVIIa -TFPI -FXa complexes. On the opposite, FXa Gla and EGF1 
domains are not directly involved in FVa binding. 
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TI The factor IX gamma -carboxyglutamic acid (Gla) domain is involved in 

interactions between factor IX and factor XIa. 
AB During hemostasis, factor IX is activated to factor IXabeta by 

factor Vila and factor XIa. The glutamic acid-rich 

gamma-carboxyglutamic acid (Gla) domain of factor IX is involved in 

phospholipid binding and is required for activation by 

factor Vila. In contrast, activation by factor XIa is 

not phospholipid-dependent , raising questions about the importance of the 
Gla for this reaction. We examined binding of factors IX and 
IXabeta to factor XIa by surface plasmon resonance. Plasma factors IX and 
IXabeta bind to factor XIa with K(d) values of 120 +/- 11 nm and 110 +/- 8 
nm, respectively. Recombinant factor IX bound to factor XIa with a K(d) 
of 107 nm, whereas factor IX with a factor VII Gla 

domain (rFIX/VII-Gla) and factor IX expressed in the presence of warfarin 
(rFIX-desgamma) did not bind. An anti-factor IX Gla monoclonal antibody 
was a potent inhibitor of factor IX binding to factor XIa (K(i) 
34 nm) and activation by factor XIa (K(i) 33 nm) . In activated partial 
thromboplastin time clotting assays, the specific activities of plasma and 
recombinant factor IX were comparable (200 and 150 units/mg) , whereas 
rFIX/VII-Gla activity was low (<2 units/mg) . In contrast, recombinant 
factor IXabeta and activated rFIX/VIIa-Gla had similar activities (80 and 
60% of plasma factor IXabeta) , indicating that both proteases activate 
factor X and that the poor activity of zymogen rFIX/VII-Gla was caused by 
a specific defect in activation by factor XIa. The data demonstrate that 
factor XIa binds with comparable affinity to factors IX and IXabeta and 
that the interactions are dependent on the factor IX Gla domain. 
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TI Factor VII mutant V154G models a zymogen-like form of 
factor Vila. 

AB Proteolytic cleavage of the peptide bond between Arg(152) and 
lie (153) converts the procoagulant protein Factor VII 

(FVII) to an activated two-chain form (FVIIa) . The formation of a salt 
bridge between lie (153) and Asp (343) drives the conversion of FVIIa from 
being zymogen-like to the active form. In the present paper, we describe 
the novel FVII mutant V154G (Val (154) -->Gly mutation; residue 17 in the 
chymotrypsin numbering system) , found in three FVII -deficient patients, 
which models a zymogen-like form of FVIIa. Recombinant V154G FVIIa, 
although normally cleaved, shows markedly reduced activity towards 
peptidyl substrate and undetectable activity towards macromolecular 
substrates. Susceptibility of lie (153) to chemical modification, in 
either the presence or the absence of tissue factor (TF) , suggests that 
the reduced V154G FVIIa activity is caused by impaired salt -bridge 
formation, thus resulting in a zymogen-like FVIIa form. The TF-mediated 
protection from chemical modification of V154A indicated that Gly(154) is 
responsible for this peculiar feature, and suggests that this region, 
proximal to the heavy chain N- terminus, is directly involved in the 
conversion of FVII into FVIIa. V154G FVII was exploited to study the 
FVII-TF interaction, together with three additional FVII variants that 
were expressed to serve as models for different FVII forms. The 
comparison of binding affinities of full-length TF after 
relipidation in L-alpha-phosphatidylcholine for the zymogen FVII 
(Arg(152) -->Gln, K (d) =1 . 04+/-0 . 27 nM) , inactive FVIIa (Ser (344 ) - ->Ala , K 
(d)=0.27+/-0.06 nM) and a zymogen-like FVIIa (V154G, K (d) =1 . 15+/-0 . 16 nM) 
supports the hypothesis that preferential binding of TF to 
active FVIIa is insufficient to drive the 10(5) -fold enhancement of FVIIa 
activity. In addition, the inability of V154G FVIIa to accommodate an 
inhibitor in the active site, indicating an improperly shaped specificity 
pocket, would explain the low activity of the zymogen-like form of FVIIa, 
which is predominant in the absence of TF. 
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TI Tissue factor - a therapeutic target for thrombotic disorders. 

AB Exposure of blood to tissue factor (TF) sets off the coagulation cascade. 

TF is a transmembrane protein that serves as an essential cof actor for 

activated coagulation factor VII (FVIIa) . TF may be 

exposed locally by vascular injury (such as balloon angioplasty) or by 
spontaneous rupture of an atherosclerotic plaque. Expression of TF may 



also be induced on monocytes and endothelial cells in conditions like 
sepsis and cancer, causing a more generalised activation of clotting. TF 
may thus play a central role in thrombosis in a number of settings, and 
attention has turned to blocking TF as a means to prevent thrombosis. 
Inhibiting the inducible expression of TF by monocytes can be achieved by 
'deactivating* cytokines, such as interleukin (IL)-4, -10 and -13, or by 
certain prostanoids; by drugs that modify signal transduction, such as 
pentoxifylline, retinoic acid or vitamin D(3), or by antisense 
oligonucleotides. Such approaches are for the most part at a preclinical 
stage. The function of TF can be blocked by antibodies that prevent the 
binding of FVIIa to TF; by active site-inhibited FVIIa, which 
competes with native FVIIa for binding; by antibodies or small 
molecules that block the function of the TF/FVIIa complex; and by 
molecules, such as TF pathway inhibitor or nematode anticoagulant 
peptide C2, which inhibit the active site of FVIIa in the TF/FVIIa 
complex after first binding to activated factor X. The latter 
two agents have entered Phase II clinical trials. Perhaps most intriguing 
is the use of anti-TF agents locally, which holds the promise of stopping 
thrombosis at a specific site of .injury without the bleeding risk 
associated with systemic anticoagulation. 
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TI Model of a ternary complex between activated factor VII 
, tissue factor and factor IX. 

AB Upon binding to tissue factor, FVIIa triggers coagulation by 

activating vitamin K-dependent zymogens, factor IX (FIX) and factor X 
(FX) . To understand recognition mechanisms in the initiation step of the 
coagulation cascade, we present a. three-dimensional model of the ternary 
complex between FVIIa:TF:FIX. This model was built using a full -space 
search algorithm in combination with computational graphics. With the 
known crystal lographic complex FVIIa:TF kept fixed, the FIX docking was 
performed first with FIX Gla-EGFl domains, followed by the FIX 
protease/EGF2 domains. Because the FIXa crystal structure lacks electron 
density for the Gla domain, we constructed a chimeric FIX molecule that 
contains the Gla-EGFl domains of FVIIa and the EGF2 -protease domains of 
FIXa. The FVIIa:TF:FIX complex has been extensively challenged against 
experimental data including site-directed mutagenesis, inhibitory 
peptide data, haemophilia B database mutations, inhibitor 
antibodies and a novel exosite binding inhibitor peptide 

This FVIIa:TF:FIX complex provides a powerful tool to study the 
regulation of FVIIa production and presents new avenues for developing 
therapeutic inhibitory compounds of FVI la :TF: substrate complex. 
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TI Predicted solution structure of zymogen human coagulation FVII. 

AB A model solution structure for the complete tissue factor-free calcium 

ion-bound human zymogen FVII (residues 1-406) (FVII) has been constructed 
to study possible conformational changes associated with the activation 
process and tissue factor (TF) binding. The initial structure 
for the present model was constructed using the X-ray crystal lographic 
structure of human coagulation FVIIa/TF complex bound with calcium ions 
(Banner et al . , Nature 1996, 380, 41-46). This model was subsequently 
subjected to lengthy molecular dynamics simulations. The Amber force 
field in conjunction with the PME electrostatic summation method was 
employed. The estimated TF free solution structure was then compared with 
the currently available X-ray crystal structures of FVIIa (with or without 
TF, variable inhibitor bound) to estimate the restructuring of FVII due to 
TF binding and activation. The solution structure of the 
zymogen FVII in the absence of TF is predicted to be an extended domain 
structure similar to that of the TF-bound X-ray crystal structure. An 
additional extension of the serine protease (SP) domain of the zymogen 
above a reference lipid surface by approximately 7 A was in agreement with 
experiment. Significant Gla-EGFl and EGF1-EGF2 interdomain motions in the 
zymogen were observed. Carbohydrate dimers attached to Ser-52 and Ser-60 
did not cause restructuring in this domain. Minimal restructuring of the 
SP domain is found upon inference of the zymogen from the activated form. 
The catalytic triad residues maintain the H-bonded network while Lys-341 
occupies the SI specific site in the zymogen. 
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TI Residues Y179 and H101 of a hydrophobic patch of factor 

VII are involved in activation by factor Xa. 
AB We studied factor Xa activation of human factor VII in 

hopes of identifying factor VII residues, not adjacent 

to the cleavage site, involved in this interaction. We made eight factor 
VIIs with single mutations (N100A, H101A, D102Q, L144A, R147A, Y179A, 
D186A, and F256A) and two factor VIIs with multiple mutations [MM3 

(L144A/R147A/D186A) and MM4 (N100A/H101A/Y179A/F256A) ] . Residues in MM3 
have previously been identified as affecting factor X activation, and the 
residues of MM4 are located at a hydrophobic patch of factor 
VII on the opposite side of the catalytic domain from those in 
MM3 . Only H101A, Y179A, and MM4 were activated significantly more slowly 
than the wild type. Results of our kinetic analyses showed that the 
catalytic efficiency of factor Xa for activation of factor 
VII was 176- and 234-fold higher than that for H101A andY179A, 
respectively. All the mutants with measurable activity had affinities for 
tissue factor similar to those of the wild type. The activated 
hydrophobic patch residues, except N100A, which is adjacent to one of the 
catalytic residues, had normal activities toward both a small 
peptide substrate and factor X. The rest of the activated mutants 

(except D102Q with no activity) had reduced activities toward the small 
substrate (except R147A) and factor X. We conclude that factor 
VII activation by factor Xa and factor Vila's 

catalytic interaction with factor X involve different regions in the 
catalytic domain, and residues HI 01 and Y179, part of an aromatic 
hydrophobic patch, are specifically involved in factor Xa activation of 
factor VII. 
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TI The factor VII zymogen structure reveals 

reregistration of beta strands during activation. 

AB BACKGROUND: Coagulation factor Vila (FVIIa) contains a 

Trypsin-like serine protease domain and initiates the cascade of 
proteolytic events leading to Thrombin activation and blood clot 
formation. Vascular injury allows formation of the complex between 
circulating FVIIa and its cell surface bound obligate cof actor, Tissue 
Factor (TF) . Circulating FVIIa is nominally activated but retains 
zymogen-like character and requires TF in order to complete the 
zymogen -to -enzyme transition. The manner in which TF exerts this effect 
is unclear. The structure of TF/FVIIa is known. Knowledge of the zymogen 



structure is helpful for understanding the activation transition in this 

system. RESULTS : The 2 A resolution crystal structure of a zymogen form 

of FVII comprising the EGF2 and protease domains is revealed in a complex 

with the exosite binding inhibitory peptide A-183 and 

a vacant active site. The activation domain, which includes the N 

terminus, differs in ways beyond those that are expected for zymogens in 

the Trypsin family. There are large differences in the TF binding 

region. An unprecedented 3 residue shift in registration between beta 

strands B2 and A2 in the C- terminal beta barrel and hydrogen bonds 

involving Glul54 provide new insight into conformational changes 

accompanying zymogen activation, TF binding, and enzymatic 

competence. CONCLUSIONS: TF-mediated allosteric control of the activity 

of FVIIa can be rationalized. The reregistering beta strand connects the 

TF binding region and the N- terminal region. The zymogen 

registration allows H bonds that prevent the N terminus from attaining a 

key salt bridge with the active site. TF binding may influence 

an equilibrium by selecting the enzymatically competent registration. 
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TI Factor Vila stimulates endothelin-1 synthesis in 

TNF-primed endothelial cells by activation of protease-activated receptor 

2. 

AB The mechanisms linking prothrombotic changes to endothelial dysfunction 
and accelerated atheroma formation have yet to be fully defined. 
Expression of TF (tissue factor) on the endothelium is potentially an 
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LI 
L2 



initiating event as binding and activation of FVII ( 
factor VII) can result in thrombosis. Although PAR2 

(protease-activated receptor-2) is expressed on vascular endothelium, its 
precise physiological significance and mechanism of activation have yet to 
be defined. In the present study, we investigated whether PAR2 can be 
activated by FVIIa (activated FVII) and induce ET-1 (endothelin-1) 
synthesis. In bovine aortic endothelial cells pretreated with TNF (tumour 
necrosis factor-alpha) to increase TF expression, FVIIa stimulated ET-1 
synthesis via activation of PAR2 . Although FX (factor X) alone was 
inactive, this response was enhanced by using FVII and FX in combination. 
Inhibition of the proteolytic activity of FVIIa abolished the response. 
The PAR2 agonist peptide SLIGKV also enhanced ET-1 release on 
TNF-pretreated cells. The response to FVIIa was inhibited by a PAR2 
antagonist peptide FSLLRY. Inhibition of the p38 MAPK 
(mitogen-activated protein kinase) reduced PAR2 expression and the ET-1 
response. In summary, FVIIa can stimulate ET-1 synthesis in endothelial 
cells by activating PAR2, demonstrating a potential link between 
thrombotic processes and endothelial cell dysfunction. 
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TI Inhibitors of Tissue Factor . Factor Vila for 
anticoagulant therapy. 

AB Factor Vila (FVIIa) is a key serine protease involved 

in the initiation of the coagulation cascade. It is a glycosylated 
disulfide- linked heterodimer comprised of an amino-terminal 
gamma -carboxyglutamic acid-rich (Gla) domain and two epidermal growth 
factor (EGF) -like domains in the light chain, and a chymotrypsin-like 
serine protease domain in the heavy chain. FVIIa requires tissue factor 
(TF) , a membrane bound protein, as an essential cofactor for maximal 
activity towards its biological substrates Factor X, Factor IX and 
Factor VII (FVII). Inhibition of TF. FVIIa activity may 

prevent the formation of fibrin clots and thus be useful in the management 
of thrombotic disease. The development of TF. FVIIa inhibitors to validate 
this target has been of great interest. A wide array of strategic 
approaches to inhibiting the biochemical and biological functions of the 
TF. FVIIa complex has been pursued. This has been greatly aided from our 
understanding of the structures for TF, FVII, FVIIa, and the TF. FVIIa 
complex. These approaches have resulted in inhibitors directed 
specifically towards either FVIIa or TF. Antagonists include active site 
inhibited FVIIa, TF mutants, anti-TF antibodies, anti-FVII/FVIIa 
antibodies, naturally-occurring protein inhibitors, peptide 



exosite inhibitors, and protein and small molecule active site inhibitors. 

These antagonists can inhibit catalysis directly at the active site as 

well as impair function by binding to exosites that may 

interfere with substrate, membrane, or cof actor binding. The 

rationale of TF.FVIIa as a target and the development, characteristics and 

biological uses of TF.FVIIa inhibitors are discussed. 
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TI Role of the Gla and first epidermal growth factor-like domains of factor X 
in the prothrombinase and tissue factor-factor Vila 
complexes . 

AB Factor X (FX) has high structure homology with other proteins of blood 
coagulation such as factor IX (FIX) and factor VII 

(FVII) . These proteins present at their amino- terminal extremity a 
gamma-carboxyglutamic acid containing domain (Gla domain) , followed by two 
epidermal growth factor-like (EGF1 and EGF2) domains, an activation 
peptide, and a serine protease domain. After vascular damage, the 
tissue factor-FVlla (TF-FVIIa) complex activates both FX and FIX. FXa 
interacts stoichiometrically with tissue pathway inhibitor (TFPI) , 
regulating TF-FVIIa activity by forming the TF-FVI Ia-TFPI -FXa quaternary 
complex. Conversely, FXa boosts coagulation by its association with its 
cofactor, factor Va (FVa) . To investigate the contribution of the Gla and 
EGF1 domains of FX in these complexes, FX chimeras were produced in which 
FIX Gla and EGF1 domains substituted the corresponding domains of FX. The 
affinity of the two chimeras, FX/FIX(Gla) and FX/FIX (EGF1) , for the 
TF-FVIIa complex was markedly reduced compared with that of wild-type-FX 
(wt-FX) independently of the presence of phospholipids. Furthermore, the 
association rate constants of preformed FX/FIX (Gla) -TFPI and 
FX/FIX (EGF1) -TFPI complexes with TF-FVIIa were, respectively, 10- and 
5-fold slower than that of wt-FXa-TFPI complex. Finally, the apparent 
affinity of FVa was 2 -fold higher for the chimeras than for wt-FX in the 
presence of phospholipids and equal in their absence. These data 
demonstrate that FX Gla and EGF1 domains contain residues, which interact 
with TF-FVIIa exosites contributing to the formation of the TF-FVI Ia-FX 
and TF-FVI Ia-TFPI -FXa complexes. On the opposite, FXa Gla and EGF1 
domains are not directly involved in FVa binding. 
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TI The factor IX gamma -carboxyglutamic acid (Gla) domain is involved in 

interactions between factor IX and factor XIa. 
AB During hemostasis, factor IX is activated to factor IXabeta by 

factor Vila and factor XIa. The glutamic acid-rich 

gamma -carboxyglutamic acid (Gla) domain of factor IX is involved in 

phospholipid binding and is required for activation by 

factor Vila. In contrast, activation by factor XIa is 

not phospholipid-dependent , raising questions about the importance of the 
Gla for this reaction. We examined binding of factors IX and 
IXabeta to factor XIa by surface plasmon resonance. Plasma factors IX and 
IXabeta bind to factor XIa with K(d) values of 120 +/- 11 nm and 110 +/- 8 
nm, respectively. Recombinant factor IX bound to factor XIa with a K(d) 
of 107 nm, whereas factor IX with a factor VII Gla 

domain (rFIX/VII-Gla) and factor IX expressed in the presence of warfarin 
(rFIX-desgamma) did not bind. An anti-factor IX Gla monoclonal antibody 
was a potent inhibitor of factor IX binding to factor XIa (K(i) 
34 nm) and activation by factor XIa (K(i) 33 nm) . In activated partial 
thromboplastin time clotting assays, the specific activities of plasma and 
recombinant factor IX were comparable (200 and 150 units/mg) , whereas 
rFIX/VII-Gla activity was low (<2 units/mg) . In contrast, recombinant 
factor IXabeta and activated rFIX/VIIa-Gla had similar activities (80 and 
60% of plasma factor IXabeta) , indicating that both proteases activate 
factor X and that the poor activity of zymogen rFIX/VII-Gla was caused by 
a specific defect in activation by factor XIa. The data demonstrate that 
factor XIa binds with comparable affinity to factors IX and IXabeta and 
that the interactions are dependent on the factor IX Gla domain. 
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TI Factor VII mutant V154G models a zymogen-like form of 
factor Vila. 

AB Proteolytic cleavage of the peptide bond between Arg(152) and 
lie (153) converts the procoagulant protein Factor VII 

(FVII) to an activated two-chain form (FVIIa) . The formation of a salt 
bridge between Ile(153) and Asp(343) drives the conversion of FVIIa from 
being zymogen-like to the active form. In the present paper, we describe 
the novel FVII mutant V154G (Val (154) -->Gly mutation; residue 17 in the 
chymotrypsin numbering system), found in three FVII -deficient patients, 
which models a zymogen-like form of FVIIa. Recombinant V154G FVIIa, 
although normally cleaved, shows markedly reduced activity towards 
peptidyl substrate and undetectable activity towards macromolecular 
substrates. Susceptibility of lie (153) to chemical modification, in 
either the presence or the absence of tissue factor (TF) , suggests that 
the reduced V154G FVIIa activity is caused by impaired salt-bridge 
formation, thus resulting in a zymogen-like FVIIa form. The TF-mediated 
protection from chemical modification of V154A indicated that Gly(154) is 
responsible for this peculiar feature, and suggests that this region, 
proximal to the heavy chain N-terminus, is directly involved in the 
conversion of FVII into FVIIa. V154G FVII was exploited to study the 
FVII-TF interaction, together with three additional FVII variants that 
were expressed to serve as models for different FVII forms. The 
comparison of binding affinities of full-length TF after 
relipidation in L-alpha -phosphatidylcholine for the zymogen FVII 
(Arg(152) -->Gln, K (d) =1 . 04+/-0 . 27 nM) , inactive FVIIa (Ser (344 ) - ->Ala , K 
(d) =0.27+/-0.06 nM) and a zymogen-like FVIIa (V154G, K (d) =1 . 15+/-0 . 16 nM) 
supports the hypothesis that preferential binding of TF to 
active FVIIa is insufficient to drive the 10 (5) -fold enhancement of FVIIa 
activity. In addition, the inability of V154G FVIIa to accommodate an 
inhibitor in the active site, indicating an improperly shaped specificity 
pocket, would explain the low activity of the zymogen-like form of FVIIa, 
which is predominant in the absence of TF. 
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TI Tissue factor - a therapeutic target for thrombotic disorders. 

AB Exposure of blood to tissue factor (TF) sets off the coagulation cascade. 

TF is a transmembrane protein that serves as an essential cofactor for 

activated coagulation factor VII (FVIIa) . TF may be 

exposed locally by vascular injury (such as balloon angioplasty) or by 
spontaneous rupture of an atherosclerotic plaque. Expression of TF may 



also be induced on monocytes and endothelial cells in conditions like 
sepsis and cancer, causing a more generalised activation of clotting. TF 
may thus play a central role in thrombosis in a number of settings, and 
attention has turned to blocking TF as a means to prevent thrombosis. 
Inhibiting the inducible expression of TF by monocytes can be achieved by 
'deactivating' cytokines, such as interleukin (IL)-4, -10 and -13, or by 
certain prostanoids; by drugs that modify signal transduction, such as 
pentoxifylline, retinoic acid or vitamin D(3) , or by antisense 
oligonucleotides. Such approaches are for the most part at a preclinical 
stage. The function of TF can be blocked by antibodies that prevent the 
binding of FVIIa to TF; by active site-inhibited FVIIa, which 
competes with native FVIIa for binding; by antibodies or small 
molecules that block the function of the TF/FVIIa complex; and by 
molecules, such as TF pathway inhibitor or nematode anticoagulant 
peptide C2, which inhibit the active site of FVIIa in the TF/FVIIa 
complex after first binding to activated factor X. The latter 
two agents have entered Phase II clinical trials. Perhaps most intriguing 
is the use of anti-TF agents locally, which holds the promise of stopping 
thrombosis at a specific site of injury without the bleeding risk 
associated with systemic anticoagulation. 
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TI Model of a ternary complex between activated factor VII 
, tissue factor and factor IX. 

AB Upon binding to tissue factor, FVIIa triggers coagulation by 

activating vitamin K-dependent zymogens, factor IX (FIX) and factor X 
(FX) . To understand recognition mechanisms in the initiation step of the 
coagulation cascade, we present a three-dimensional model of the ternary 
complex between FVlla:TF:FIX. This model was built using a full -space 
search algorithm in combination with computational graphics. With the 
known crystallographic complex FVIIa :TF kept fixed, the FIX docking was 
performed first with FIX Gla-EGFl domains, followed by the FIX 
protease/EGF2 domains. Because the FIXa crystal structure lacks electron 
density for the Gla domain, we constructed a chimeric FIX molecule that 
contains the Gla-EGFl domains of FVIIa and the EGF2 -protease domains of 
FIXa. The FVIIa:TF:FIX complex has been extensively challenged against 
experimental data including site-directed mutagenesis, inhibitory 
peptide data, haemophilia B database mutations, inhibitor 
antibodies and a novel exosite binding inhibitor peptide 

This FVIIa:TF:FIX complex provides a powerful tool to study the 
regulation of FVIIa production and presents new avenues for developing 
therapeutic inhibitory compounds of FVIIa :TF: substrate complex. 
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TI Predicted solution structure of zymogen human coagulation FVII. 

AB A model solution structure for the complete tissue factor-free calcium 

ion-bound human zymogen FVII (residues 1-406) (FVII) has been constructed 
to study possible conformational changes associated with the activation 
process and tissue factor (TF) binding. The initial structure 
for the present model was constructed using the X-ray crystallographic 
structure of human coagulation FVIIa/TF complex bound with calcium ions 
(Banner et al . , Nature 1996, 380, 41-46). This model was subsequently 
subjected to lengthy molecular dynamics simulations. The Amber force 
field in conjunction with the PME electrostatic summation method was 
employed. The estimated TF free solution structure was then compared with 
the currently available X-ray crystal structures of FVIIa (with or without 
TF, variable inhibitor bound) to estimate the restructuring of FVII due to 
TF binding and activation. The solution structure of the 
zymogen FVII in the absence of TF is predicted to be an extended domain 
structure similar to that of the TF-bound X-ray crystal structure. An 
additional extension of the serine protease (SP) domain of the zymogen 
above a reference lipid surface by approximately 7 A was in agreement with 
experiment. Significant Gla-EGFl and EGF1-EGF2 interdomain motions in the 
zymogen were observed. Carbohydrate dimers attached to Ser-52 and Ser-60 
did not cause restructuring in this domain. Minimal restructuring of the 
SP domain is found upon inference of the zymogen from the activated form. 
The catalytic triad residues maintain the H-bonded network while Lys-341 
occupies the SI specific site in the zymogen. 
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TI Residues Y179 and HI 01 of a hydrophobic patch of factor 

VII are involved in activation by factor Xa. 
AB We studied factor Xa activation of human factor VII in 

hopes of identifying factor VII residues, not adjacent 

to the cleavage site, involved in this interaction. We made eight factor 
VIIs with single mutations (N100A, H101A, D102Q, L144A, R147A, Y179A, 
D186A, and F256A) and two factor VIIs with multiple mutations [MM3 
(L144A/R147A/D186A) and MM4 (N100A/H101A/Y179A/F256A) ] . Residues in MM3 
have previously been identified as affecting factor X activation, and the 
residues of MM4 are located at a hydrophobic patch of factor 
VII on the opposite side of the catalytic domain from those in 
MM3 . Only H101A, Y179A, and MM4 were activated significantly more slowly 
than the wild type. Results of our kinetic analyses showed that the 
catalytic efficiency of factor Xa for activation of factor 
VII was 176- and 234-fold higher than that for H101A andY179A, 
respectively. All the mutants with measurable activity had affinities for 
tissue factor similar to those of the wild type. The activated 
hydrophobic patch residues, except N100A, which is adjacent to one of the 
catalytic residues, had normal activities toward both a small 
peptide substrate and factor X. The rest of the activated mutants 
(except D102Q with no activity) had reduced activities toward the small 
substrate (except R147A) and factor X. We conclude that factor 
VII activation by factor Xa and factor Vila's 

catalytic interaction with factor X involve different regions in the 
catalytic domain, and residues H101 and Y179, part of an aromatic 
hydrophobic patch, are specifically involved in factor Xa activation of 
factor VII . 
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TI The factor VII zymogen structure reveals 

reregistration of beta strands during activation. 

AB BACKGROUND: Coagulation factor Vila (FVIIa) contains a 

Tryps in-like serine protease domain and initiates the cascade of 
proteolytic events leading to Thrombin activation and blood clot 
formation. Vascular injury allows formation of the complex between 
circulating FVIIa and its cell surface bound obligate cofactor, Tissue 
Factor (TF) . Circulating FVIIa is nominally activated but retains 
zymogen- like character and requires TF in order to complete the 
zymogen-to-enzyme transition. The manner in which TF exerts this effect 
is unclear. The structure of TF/FVIIa is known. Knowledge of the zymogen 



structure is helpful for understanding the activation transition in this 

system. RESULTS: The 2 A resolution crystal structure of a zymogen form 

of FVII comprising the EGF2 and protease domains is revealed in a complex 

with the exosite binding inhibitory peptide A- 183 and 

a vacant active site. The activation domain, which includes the N 

terminus, differs in ways beyond those that are expected for zymogens in 

the Trypsin family. There are large differences in the TF binding 

region. An unprecedented 3 residue shift in registration between beta 

strands B2 and A2 in the C-terminal beta barrel and hydrogen bonds 

involving Glul54 provide new insight into conformational changes 

accompanying zymogen activation, TF binding, and enzymatic 

competence. CONCLUSIONS : TF-mediated allosteric control of the activity 

of FVIIa can be rationalized. The reregistering beta strand connects the 

TF binding region and the N-terminal region. The zymogen 

registration allows H bonds that prevent the N terminus from attaining a 

key salt bridge with the active site. TF binding may influence 

an equilibrium by selecting the enzymatically competent registration. 
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